Computed tomography (CT) scanning is a relatively high-dose procedure which use has been rapidly increasing in many countries, although a decline has been observed recently in some developed countries. Relatively little is known about CT usage in Brazil. A recent report showed that number of CT procedures among outpatients of the Brazilian public healthcare system (SUS) tripled from 2001 to 2011 and about 13% of all CTs procedures were performed in pediatric and young adult patients. In the present study, we aimed to evaluate CT use in the private healthcare system, where the larger availability of CT scanners may result in a different CT usage pattern. We evaluated data from 15,892 CT procedures underwent by children and young adults (<20 years) between 2005 and 2015 in a private general hospital in the city of Rio de Janeiro. These procedures represented about 8% of the overall number of CT scans in the hospital over the study period. The number of CT examinations increased 10% per year, from 902 in 2005 to 2,376 in 2015. Head/neck was the most frequently examined body anatomical region for all age groups, except for patients aged 15-19 years for whom abdomen/pelvis was the most common scanned region. One third of the patients underwent more than one CT examination in the study hospital, with multiple CT exams increasing with patient age. The greater availability of other diagnostic imaging examinations in the private setting, such as magnetic resonance and ultrasound, could have contributed to the lower proportion of pediatric and young adult CT in the study hospital. The rapid increase of pediatric CT usage in the public and private healthcare setting reinforces the need for initiatives to avoid unwarranted CT exposure in Brazil.
INTRODUCTION
Population exposure to ionizing radiation has increased significantly in the last decades mostly because of the rising use of radiation in medicine, especially computed tomography (CT) [1] . The benefits of CT as a diagnostic tool are unquestionable, but there is concern about the potential risk of cancer induction, given the relatively high radiation doses involved [2] . Although the individual risk from a CT scan is likely to be very small, the large number of people exposed annually can lead to a considerable number of future cancer cases. Pediatric CT is particularly relevant as children have generally higher risks of developing radiation-induced cancer and a longer lifetime to cancer development [3] .
Pediatric CT use has increased in many countries over the last years [4, 5, 6, 7] . However, recent data suggest that pediatric CT use may be declining in some developed countries [8, 9, 10] . Studies conducted between 2000 and 2012 have shown that the proportion of pediatric and young adult CT in developed countries ranges from 1% in Germany and France [11, 12 ] to 7-11% in the USA [13, 14] . Head/neck is the most frequent type of CT scan for children and young adults, followed by abdomen/pelvis CT [4, 5, 15] .
Relatively little is known about the trends and patterns of CT usage in developing countries [16] [17] [18] . A recent study in Brazil showed that CT use among outpatients of Brazilian public healthcare system (SUS), has more than tripled between 2001 and 2011 [19] . Of note, about 13% of all CT procedures were performed in pediatric and young adult patients (< 20 years), which is among the highest frequencies of CT use in this age group worldwide [19] .
Nevertheless, healthcare in Brazil is also provided by a privately funded subsystem, which is accessed mainly by healthcare plan/insurance coverage. This coverage has increased over the last years and currently reaches around 25% of the Brazilian population. Differences in CT use between the public and private subsystems may be expected, mainly due to the greater availability of CT scanners in the last [19] .
There is large variation in the rate of insured population within the country, with the Southeast presenting the highest coverage rate for Brazilian geographical regions (37%) [20] . Within the Southeast region, the metropolitan region of the city of Rio de Janeiro [21] presents one of the highest coverage rate (around 50% of the population have health insurance/plan coverage).
Therefore, taking into account all these reasons: a) the worldwide concern about radiationrelated cancer risk due to pediatric CT; b) the high proportion of pediatric CT in the public health care system in Brazil; d) the lack of information on pediatric CT usage in the Brazilian private setting; and e) the availability of information on CT usage in a private hospital of the metropolitan region of Rio de Janeiro, where half of the population is insured, we aimed to evaluate the patterns and trends of pediatric and young adult (< 20 years) CT usage in a private hospital in the city of Rio de Janeiro, from 2005 to 2015.
MATERIALS AND METHODS
This study evaluated CT examinations in one of the main private hospitals in Rio de Janeiro, which provides emergency and non-emergency health care services for local population (both outand inpatients). The hospital operated with a 40-detector row CT scanner from 2005 to 2012. In 2013, a new 64-detector row machine replaced it and a new 16-detector row CT scanner was installed. Thereafter, the two scanners remained in operation until the end of the study period.
Information regarding each CT procedure, such as patient identification number (ID), age, gender, type and date of examination, among others, were extracted directly by the administrator of the Radiological Information System (RIS) through an online consultation. The patient ID was used to quantify the number of exams performed per patient during the 11-years period and the frequency of multiple exams. Few CT procedures with missing information on scanned body anatomical region or patient gender were excluded from the analysis.
Compound Annual Growth Rate (CAGR) was used to evaluate growth trends over the entire study period and also over the sub-periods of 2005-2008, 2009-2011 and 2012-2015 . These subperiods were selected in order to evaluate differences in the annual growth rate over time. CAGR was calculated using the following equation:
Where and represent the number of procedures in the first and the last year of the period, respectively, and and represent the first and last year of the corresponding period respectively.
Data treatment and statistical analysis were performed using the software STATA version 10 (Stata Corp, College Station, TX).
RESULTS
Our study population comprised children and young adults (< 20 years of age) who underwent 15,892 CT procedures in the study hospital between 2005 and 2015. CT examinations within this age group represented around 8% of the overall number of CT procedures for all ages. Table 1 shows the distribution of pediatric and young adult CT scans per gender and scanned body anatomical region for the period 2005-2015. Overall, the most frequent type of CT examination within patients under 20 years of age was head/neck (59%) followed by abdomen/pelvis (32%). In general, males underwent more CT scans than females (54 and 46% of all CT procedures, respectively). CT scans were more frequent in males than in females for most body anatomical regions, except for abdomen/pelvis, which was more frequently examined in females than in males. Table 3 shows the proportion of CT examinations and annual growth rates of CT usage by age group and scanned body anatomical region for the period 2005-2015. Throughout the study period, the frequency of head/neck CT scans decreased with increasing patient age, while abdomen/pelvis CT increased with the age of the patient. The overall number of CT examinations had the largest increase among children under 5 years of age (12.6% per year). The same was observed for head/neck scans, while for abdomen/pelvis examinations the youngest group had a lower growth rate than the older groups. About one third the patients aged less than 20 years underwent more than one CT scan in the study hospital along the 11 years period ( 
DISCUSSION
In the present study, we evaluated the patterns and trends of CT use among patients aged less than 20 years in a private hospital in the city of Rio de Janeiro between 2005 and 2015. These examinations represented about 8% of all CT examinations in the study hospital over the period.
Pediatric and young adult CT usage has almost tripled over the study period, with CT angiography showing the greatest increase within types of CT. Males had more exams than females. The most frequent type of CT examination was head/neck, followed by abdomen/pelvis. Children under 5 years had the highest increase in the overall number of CT examinations over time. One third of the patients did more than one CT examination in the hospital between 2005 and 2015, with the frequency of patients with multiple exams increasing with patient age. In our study, pediatric and young adult CT exams corresponded to about 8% of all CTs, which was lower than the 13% reported for outpatients of the Brazilian public healthcare system [19] . We may suggest that this might be due to the greater availability of other diagnostic imaging examinations in the private hospital, such as magnetic resonance imaging and ultrasound [22] . Indeed, pediatric and young adult CT represents between 8 to 20% of the total number of CT examinations in less developed countries in Africa and Asia [22, 23] . Conversely, studies conducted in developed countries as France, Germany, Switzerland and Israel have reported proportions of pediatric CT of 1-3% [7, 11, 12, 24] , while in the United States, pediatric and young adult CT represented 7-11% of the total number of CT procedures in the period 1998-2007 [13, 14] .
Furthermore, access to the private healthcare in Brazil is obtained mainly as an additional employment benefit (almost 75% of all private health insurance policies in 2008 were employment based) [21] . Children and unemployed young adults might have more limited access to health insurance coverage if they were not dependent from an insured adult. Indeed, the health insurance coverage rate for people under 20 years of age in Rio de Janeiro is about 23%, which is lower than the proportion of this age group in the population (27%), while the opposite occurs for adults (77% of insured adults for 73% in general population) [21, 25] .
Several studies have reported that head/neck is the most frequent pediatric CT examination [3, 7, 19, 26, 27] , while abdomen/pelvis is the most frequent examination among adults [3, 26] . In our study hospital, head/neck was the most frequent CT examination for patients under 20 years old, except for patients aged 15-19 years old, for whom abdomen/pelvis was the most frequent CT exam. These results contrast with the pattern observed for SUS outpatients, for whom the head/neck is the most frequent imaged body region for all patients under 20 years of age [19] . These differences may reflect the earlier insertion of modern multi-slice CT scanners in the private setting than in the public healthcare system. These modern scanners allow for rapid image acquisition reducing significantly total scan times for abdomen/pelvis examination, which is essential for pediatric imaging as it avoids child sedation [26] . Therefore, the introduction of modern CT scanner in the private setting allowed more pediatric abdomen/pelvis CT examinations. As total scan time for head CT is short and it is usually done without sedation, its usage was not greatly affected by the introduction of multi-slice CT scanners.
Boys presented more CT examinations than girls in the study hospital. This may be a consequence of higher trauma rates in association with boys than girls. Indeed, it has been reported that most CT scans among children and young adults are head examinations due to trauma [5, 28] , with boys being generally more prone to trauma than girls [23] .
We observed an annual increase of 10% for all pediatric and young adult CT examinations and reduce the radiation exposure associated with conventional angiography [30] , which might explain its steepest increase in the most recent period.
There was a slight reduction of 3.6% in the number of CT from 2014 to 2015. The reason for this decline is unknown. It is early to say that this reflect a decreasing trend in CT usage, as reported for some developed countries [5, 7, 31, 32] . While initiatives like Image Wisely [33] and
Image Gently [34] campaigns were implemented in developed countries, resulting in greater attention to the use of appropriateness criteria for CT studies [4, 9, 10] , no similar action has been implemented in Brazil and neither in the study hospital to reduce unnecessary CT examinations.
The proportion of patients that performed multiple CT examinations in the study hospital (33%) was similar to the values reported in the United Kingdom (29%) [15] . Number of patients with multiple exams increased with patient age, which is not surprisingly as older patients have more time to present symptoms or conditions that require a CT scan. Head/neck and abdomen/pelvis were the scanned body anatomical regions with the highest numbers of multiple examinations in the same patient. This is not surprisingly as these are the most common examinations in the study group. When considering patients that underwent abdomen/pelvis and spine CT, more than half of these patients performed multiple examinations. It can be explained by the fact that these body anatomical regions are segmented and the lack of standardization of protocols. One spine CT could be registered in RIS as three procedures, for example: cervical, thoracic and lumbar spine scans. Therefore, the assessment of multiple examinations for a given patient may have been overestimated. The same could have occurred for abdomen/pelvis, where one complete examination may have been registered as three different scans (upper abdomen, lower abdomen and/or pelvis).
Several studies have reported a significant increase in cancer risk after radiation exposure in the dose ranges delivered by multiple CT scans or tens of diagnostic radiographs [35, 36, 37] . In our study, head/neck CT is the type of examination which presented the highest proportion of multiple examinations in the same patient. As a single head CT can deliver cumulative absorbed doses of about 50 mGy in the brain and 60 mGy in the red bone marrow, these multiple head CT might be of great concern as an increased risk of brain tumor and leukemia have been reported for these dose ranges [5, 35] .
Our study has strengths and limitations. Strengths of this study includes the availability of a large amount of electronic data extracted from RIS of one important hospital in the city of Rio de Janeiro, for a long period of time, which contributed to a robust assessment of CT patterns and trends.
Limitations of our study include the lack of information regarding the patient's attendance status (inpatient or outpatient) which did not allow the evaluation of CT pattern by type of care. Also, our study used data from a single private hospital. Therefore, our results cannot be generalized to the general private healthcare setting and our comparison to the CT pattern in the Brazilian public healthcare is limited.
CONCLUSION
The use of CT in children and young adults in a general private hospital in the city of Rio de Janeiro almost tripled between 2005 and 2015. Head/neck was the main type of CT examination.
One third of the patients had more than one CT examination. The proportion of pediatric and young adult exams in our study (8%) was lower than the 13% reported for outpatients of the Brazilian public healthcare system. The greater availability of other diagnostic imaging examinations in the private setting could have contributed to the lower frequency of pediatric and young adult CT in the study hospital.
The use of CT in children and young adults demands policies and actions that recognize and maximize the multiple health benefits that can be obtained, while at the same time minimize potential health risks. Benefits of imaging children must be weighed against the potential risks of radiation exposure. It is fundamental to implement the two principles of radiation protection for patients: justification and optimization. Existing imaging referral guidelines can be used to support justification and enhance appropriateness of referral.
The study added limited but important information about the pattern and trend of pediatric CT use in a private hospital in Brazil, which reinforces the need for initiatives to avoid unwarranted CT exposure.
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